
INTRODUCTION
Histone deacetylase (HDAC) enzyme was found to be one 
of the leading targets for developing anticancer agents.1 
HDAC enzyme was a part of multiprotein complexes, which 
catalyzed the removal of acetyl group from lysine residue 
on protein.2,3 HDAC inhibitors bind with the active site and 
block substrate access, followed by a resultant accumulation of 
acetylated histones. (HDACIs) Histone deacetylase inhibitors 
were responsible to induce inhibition of tumor growth, cell 
differentiation and apoptosis.4 Most of the current HDAC 
inhibitors were pan-caspase inhibitors and bind with the 
catalytic zinc metal ion in the different HDAC isoforms. 
Cellular processes depend on HDAC activity. Among the 
HDAC multiprotein complex (Figure 1),5 HDAC-8 was selected 
(due to its Homo sapiens source), co-crystallized with ligand 
(SAHA) suberoyl anilide hydroxamic acid. Ricolinostat a 
recently developed HDAC inhibitor showed good antidiabetic 

activity by regulating glucose homeostasis and insulin 
sensitivity (in clinical trial).6

The principal molecule was SAHA. The structure of SAHA 
consisted of three basic parts as: Surface recognition, linker 
and metal binding. In this study, the surface recognition group 
is substituted with the substituted pyrimidine group, linker 
portion is substituted with the thiomethane group and metal 
binding portion is a hydroxamic acid group (Figure 2).7,8

In this manuscript, we designed, synthesized, perform 
antiproliferative activities against MCF-7 cell line and in-vitro 
alpha-amylase inhibitors of newer generation pyrimidine 
hydroxamic acid derivatives.

MATERIALS AND METHODS
All the chemicals were procured from Sigma Aldrich. The 
progression of the reaction was accessed by precoated Merck 
thin layer chromatography (TLC) plates using n-hexane and 
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Figure 1: Established HDAC inhibitors
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Figure 2: Structure of the proposed hydroxamic acid derivative

ethyl acetate as a solvent system with (9:1) ratio. The melting 
points of the samples were accessed by EI digital melting 
point apparatus. The infrared spectrum of synthesized 
molecules was recorded using a Perkin Elmer fourier transform 
infrared. (FTIR) spectrophotometer. Proton NMR (1H-NMR) 
spectra were recorded using Bruker Avance DRX300 300 
MHz FTNMR spectrometer using dimethyl sulfoxide. The 
chemical shifts were measured at δ units (reported as ppm) 
relative to tetramethylsilane (TMS) and signals are reported 
as singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m). 
Mass spectra are also recorded. FTIR, 1H-NMR, and mass 
spectra were done by the Central Instrumentation Facility of 
DRI, Uttaranchal University and CDRI, Lucknow. The help 
of Shimadzu UV-1900i spectroscopy did UV spectroscopy. 
Elemental analysis was performed using a microanalytical unit. 
Molecular Docking Study

Preparation of protein
The protein was modeled by MGL Tools 1.5.6 package 
(Molecular Graphics Laboratory, the Scripps Research 
Institute, La Jolla, USA). 4LXZ is the crystal structure of 
HDAC2 complexed suberoyl anilide hydroxamic acid. The 
interacting residues of the complexed ligand SAHA were 
PRO 34, ASP 104, HIS 146, PHE 155, PHE 210, HIS 145, GLY 
154, LEU 276, GLY 306, TYR 308 (Figure 3).9 The receptor 
contains three chains with amino acids on each chain. At 
first, all the hetero atoms (water molecules and the co-crystal 
occupying the substrate binding site) were removed. During the 
process the deviation in coordinates were rectified by energy 
minimization using a Swiss PDB viewer (SPDBV 4.1.0, Swiss 
Institute of Bioinformatics). The energy-minimized protein in 
pdb format was then subjected to Python Molecular viewer. 
Later, bond orders were assigned, and polar and missing 
hydrogens were merged with the inclusion of partial Gasteiger 
atomic charges. The missing hydrogens and protonation 

states were by H++ server. Finally, in order to make it docking 
software compatible, all the atoms in the protein were made to 
Autodock4 type (t) and the pdb file of the protein was converted 
to pdbqt, where q defines the charge and t for Autodock4 type.
Preparation of ligand molecules
 The programme Avogadro was used to create the structures 
of the designed molecules (S1-S100). MMFF94 force field 
and steepest descent techniques were used to optimize the 
molecules. After that, the Open Babel programme was 
used to add all three-dimensional coordinates to the layout. 
The molecules were then saved in the PDBQT format after 
AutoDock Vina was used to add all of the polar hydrogens 
and gasteiger charges. 
Molecular docking parameter
Gasteiger charges were applied to the receptor and ligand 
molecules, which were then stored in the PDBQT format. The 
optimal ligand binding site inside each protein was found using 
the Lamarckian genetic algorithm. The following is a list of the 
default grid box dimensions for protein-ligand docking. The 
output of the ligand-protein docking experiments was set to 
conformations. Lastly, BIOVIA Discovery Studio Visualizer 
4.5 were used to visualize and analyse the docking results. 
The 4LXZ receptor’s grid box dimensions were size_x = 24, 
size_y = 24, size_z = 24, exhaustiveness = 8, and center_x = 
21.459, center_y = -20.411, center_z = -3.571.
Validation of molecular docking
Validation is an important step to ensure the reliability 
and reproducibility of the docking process. It is done by 
redocking the ligand preoccupying the active site. The active 
site was emptied by removing the co-crystal, suberoyl anilide 
hydroxamic acid, from the co-crystallized structure of the 
protein (PDB: 4LXZ) and thereafter redocked within the active 
site of the protein. The root mean square deviation (RMSD) 
between the redocked conformation and the unprocessed 
crystallographic conformation of compound SHH was found 
to be <1.0 Å. This ensures the reliability of the docking method 
in regenerating the experimentally observed binding mode for 
the receptor.10  

Figure 3: Interacting residues of SAHA within the receptor 4LXZ
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Table 1: Structure of the pyrimidine hydroxamic acid derivatives

S No Sample 
code R1 R2 R3 R4 R5 R1 R2 R3 R4 R5

1 S1 H H H H H H H H H H
2 S2 OH H H H H H H H H H
3 S3 Cl H H H H H H H H H
4 S4 Br H H H H H H H H H
5 S5 OH H H OH H H H H H H
6 S6 H H H OH H H H H H H
7 S7 H H H H OH H H H H H
8 S8 H H H H H OH H H H H
9 S9 H H H H H OH H H OH H
10 S10 H H Cl H H H H H H H
11 S11 H H H H H H H Cl H H
12 S12 H H H Cl H H H H H H
13 S13 Cl H H H H Cl H H H H
14 S14 F H H H H H H H H H
15 S15 H H NH2 H H H H H H H
16 S16 OH H H H H H H OH H H
17 S17 NH2 H H H H H H H H H
18 S18 H H NH2 H H H H NH2 H H
19 S19 NO2 H H H H H H H H H
20 S20 H H NO2 H H H H NO2 H H
21 S21 H Br H H H H H H H H
22 S22 H Br H H H H Br H H H
23 S23 H Br H H H H Cl H H H
24 S24 H Cl H H H H H H H H
25 S25 H Cl H H H H Cl H H H
26 S26 H Cl H H H H Br H H H
27 S27 H NO2 H H H NH2 H H H H
28 S28 H F H H H H Cl H H H
29 S29 H H F H H H Cl H H H
30 S30 H H H OH H H H H OH H
31 S31 H H H Cl H H H H OH H
33 S32 H H OCH3 H H H H H OH H
34 S34 H H OCH3 H H H H H H H
35 S35 H H H H H H H H OCH3 H
36 S36 H H OCH3 OH H H H H H H
37 S37 H H OCH3 OH H H H OCH3 OH H
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38 S38 H H H OCH3 H H H OCH3 H H
39 S39 H H OCH3 OH H H H H Cl H
40 S40 H H H NO2 H H H OCH3 OH H
41 S41 H H H NH2 H H H OCH3 OH H
42 S42 H H OCH3 OH H H H NO2 H H
43 S43 H H OCH3 OH H H H H NO2 H
44 S44 H H H OCH3 OH H H H NO2 H
45 S45 H OCH3 OH H H H H OCH3 OH H
46 S46 H OCH3 OH H H H H H OCH3 OH
47 S47 H OCH3 OH H H H OCH3 OH H H
48 S48 H OCH3 OH H H H H H H NO2

49 S49 OCH3 OH H H H H H H H H
50 S50 OCH3 OH H H H OCH3 OH H H H
51 S51 OCH3 OH H H H F H H H H
52 S52 OCH3 OH H H H Br H H H H
53 S53 OCH3 OH H H H Cl H H H H
54 S54 OCH3 OH H H H NH2 H H H H
55 S55 OCH3 OH H H H H F H H H
56 S56 OCH3 OH H H H H Cl H H H
57 S57 OCH3 OH H H H H Br H H H
58 S58 OCH3 OH H H H H NH2 H H H
59 S59 OCH3 OH H H H H H F H H
60 S60 OCH3 OH H H H H H Cl H H
61 S61 OCH3 OH H H H H H Br H H
62 S62 OCH3 OH H H H H H NH2 H H
63 S63 OCH3 OH H H H H H H F H
64 S64 OCH3 OH H H H H H H Br H
65 S65 OCH3 OH H H H H H H Cl H
66 S67 OCH3 OH H H H H H H NH2 H
67 S67 OCH3 OH H H H H H H H F
68 S68 OCH3 OH H H H H H H H Cl
69 S69 OCH3 OH H H H H H H H Br
70 S70 OCH3 OH H H H H H H H NH2

71 S71 H CH3 OH H H H H H H H
72 S72 H CH3 OH H H H H F H H
73 S73 H CH3 OH H H H H Cl H H
74 S74 H CH3 OH H H H H Br H H
75 S75 H CH3 OH H H H H NH2 H H
76 S76 H CH3 OH H H H H H F H
77 S77 H CH3 OH H H H H H Cl H
78 S78 H CH3 OH H H H H H Br H
79 S79 H CH3 OH H H H H H NH2 H
80 S80 H CH3 OH H H H H H H F
81 S81 H CH3 OH H H H H H H Cl
82 S82 H CH3 OH H H H H H H Br
83 S83 H CH3 OH H H H H H H NH2

84 S84 H H CH3 OH H H H H H F
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85 S85 H H CH3 OH H H H H H Cl
86 S86 H H CH3 OH H H H H H Br
87 S87 H H CH3 OH H H H H H NH2

88 S88 H H CH3 OH H H H H F H
89 S89 H H CH3 OH H H H H Cl H
90 S90 H H CH3 OH H H H H Br H
91 S91 H H CH3 OH H H H H NH2 H
92 S92 H H H CH3 OH H F H H H
93 S93 H H H CH3 OH H Cl H H H
94 S94 H H H CH3 OH H Br H H H
95 S95 H H H CH3 OH H NH2 H H H
96 S96 H H H CF3 OH H H H H H
97 S97 H H H CF3 OH H F H H H
98 S98 H H H CF3 OH H Cl H H H
99 S99 H H H CF3 OH H Br H H H
100 S100 H H H CF3 OH H NH2 H H H

Figure 4: Synthetic procedures of S1, S2 and S16

Synthesis
Based on the docking score of the designed molecules (S1-
S100), we synthesized the top 3 molecules S1, S2 and S16. 
Table 1 shows all the structures of the designed pyrimidine 
hydroxamic acid derivatives.11

Synthesis of 2-chloro-N-hydroxyacetamide (III)
Methanol (12 mL) and 0.0336 M, 2.34 g of hydroxylamine 
hydrochloride (I) were placed over a heated magnetic plate 
in a flask. The mixture was stirred for 5 minutes and added 
dropwise to a previously prepared methanol solution of  

0.0501 M, 2.81 g potassium hydroxide. Then, the resulting 
solution was cooled to room temperature and filtered. The 
filtrate was stored and used for the next step. Then 25 mL 
of methanol was taken in a 250 mL beaker and stirred over 
a magnetic stirrer. The total synthetic setup was done under 
the fuming cupboard. Poured 0.07 M, 5.6 mL of chloroacetyl 
chloride (II) from the dropping funnel into the methanol 
and was mixed it properly. Choloroacetyl chloride and 
hydroxylamine solutions were stirred for 2 hours. The product 
was obtained by filtration. Filtrate was washed with diethyl 
ether and recrystallized from methanol.12
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Synthesis of 2-[(4,6-diphenylpyrimidin-2-yl)sulfanyl]-N-
hydroxyacetamide (S1)
In the f i rst step, benzaldehyde and acetophenone 
reacted in the presence of methanol to produce (2E)-1,3-
diphenylprop-2-en-1-one followed by a reaction with 
thiourea to obtain 4,6 -diphenylpyr imidine-2-thiol. 
Finally, 4,6-diphenylpyrimidine-2-thiol and 2-chloro-N-
hydroxyacetamide in the presence of dimethylformamide 
to get 2-[(4,6 -diphenylpyr imidin-2-yl)sulfanyl]-N-
hydroxyacetamide. 
Synthesis of N-hydroxy-2-{[4-(2-hydroxyphenyl)-6-
phenylpyrimidin-2-yl]sulfanyl}acetamide (S2)
In the first step, 2-hydroxybenzaldehyde and acetophenone 
reacted in the presence of methanol to produce (2E)-1,3-
diphenylprop-2-en-1-one followed by a reaction with 
thiourea to obtain 4,6 -diphenylpyr imidine-2-thiol. 
Finally 4,6-diphenylpyrimidine-2-thiol and 2-chloro-N-
hydroxyacetamide in presence of dimethylformamide to get 
N-hydroxy-2-{[4-(2-hydroxyphenyl)-6-phenylpyrimidin-2-yl]
sulfanyl}acetamide.
Synthesis of N-hydroxy-2-{[4-(2-hydroxyphenyl)-6-(4-
hydroxyphenyl)pyrimidin-2-yl]sulfanyl}acetamide (S16)
In the first step, 2-hydroxybenzaldehyde and 4-hydro-
xyacetophenone reacted in presence of methanol to produce 
(2E)-1,3-diphenylprop-2-en-1-one followed by reaction 
with thiourea to obtain 4,6-diphenylpyrimidine-2-thiol. 
Finally 4,6-diphenylpyrimidine-2-thiol and 2-chloro-N-
hydroxyacetamide in presence of dimethylformamide to get 
N-hydroxy-2-{[4-(2-hydroxyphenyl)-6-(4-hydroxyphenyl)
pyrimidin-2-yl]sulfanyl}acetamide (Figure 4).13

Antiproliferative Assay of Synthesized Molecules on 
MCF-7
The antiproliferative activity of the synthesized molecules 
against MCF-7 breast cancer cell line was assessed using the 
sulphorodamine B assay. Initially, the culture was set using 
trichloroacetic acid followed by staining using 0.4% (w/v) 
sulforhodamine B. Then protein-linked dye was extracted 
using 10 mM unbuffered tris base [tris hydroxymethyl) 
aminomethane] in order to determine optical density. Protein 
unbound dye was washed with 1% acetic acid solution. The 
SRB assay was performed based on Lowry and Bradford test 
procedures. The signal to noise ratio at 564 nm was 1.5 with 
1000 cells. This approach showed high valued automated drug 
screening process to quantify cell toxicity. SRB fluorescence 
with laser illumination at 488 nm was measured using static 
fluorescence cytometry.14

In-vitro Alpha Amylase Inhibition Assay
Stock solutions of synthesized molecules were prepared in two 
phases, in the first step 100 mg of drug sample was dissolved in 
1-mL DMSO, followed by diluting upto 100 mL in methanol. 
Then prepared 10, 20, 30, 40, 60 µg/mL solutions using 
methanol as diluents. Standard acarbose solution was prepared 
in water followed by its consecutive dilutions in the same 

solvent. In a 96-well plate reaction mixture 50 μL 100 mM, 
pH = 6.8 phosphate buffer, 10 μL 2 unit/mL α–amylase, and 
20 μL of synthesized molecules or standard acarbose were 
incubated at 37°C temperature for 20 minutes. Then 20 μL of 
1% soluble starch (prepared in 100 mM phosphate buffer pH 6.8) 
was added and incubated at 37°C temperature for 30 minutes. 
Further, 100 μL of the dinitrosalicylic acid was added and boil 
for 10 minutes. The absorbance of the resulting mixture was 
taken at 540 nm using UV-visible spectroscopy (UV-1900i). 
Acarbose at various concentrations was considered as standard. 
Control was considered as a reagent without a sample solution 
and every experiment was performed in a triplicate manner.15

RESULTS AND DISCUSSION

Molecular Docking Study
The molecular docking studies of the designed pyrimidine 
hydroxamic acid derivatives (S1-S100) with 4LXZ receptor 
showed docking scores ranging from -5.2 kcal/mol to  
-7.4 kcal/mol whereas standard SAHA showed docking score 
of -7.4 kcal/mol. All the synthesized molecules effectively 
bound within the receptor active site and shared similar 
amino acid residues as complexed ligands. S1, S2 and S16 
showed good docking interaction scores of -7.4, -7.4, and -7.3 
kcal/mol, respectively. The molecule S1 interacted with ASP 
104 by hydrogen bond interaction and PHE 155, HIS 183, 
PHE 210, TYR 209 by pi-pi interactions. S2 interacted with 
GLU 208, PHE 210 by hydrogen bond interaction, and PHE 
155, HIS 183 by pi-pi interactions. S16 interacted with ASP 
104, GLU 208 by hydrogen bond interactions; PHE 155, HIS 
183, TYR 209, PHE 210 by pi-pi interactions; and PRO 34 
by Van der Waal interaction. These below-mentioned amino 
acid residues are similar between synthesized molecules and 
complexed ligand: S1: ASP 104, PHE 155, PHE 210; S2: PHE 
210, PHE 155; S16:  ASP 104, PHE 155, PHE 210, and PRO 34  
(Figure 5 and Table 2).16,17

Synthesis
Melting point, FTIR, 1H-NMR, mass spectrometry and 
elemental analysis characterized all the synthesized molecules. 
The synthesized molecules showed single peak during 
chromatographic assessments.
S1
Yield = 35.45%, MP= 145ºC. FTIR (KBr) v/cm-1: 3319 (OH 
str), 3650 (NH str), 1777 (C=O str), 2926 (C=S str), 1897–1970 
(Aromatic ring str). 1H-NMR DMSO (300 MHz) δ ppm: 2.72 
(-CH2- str), 8.07 (NH str), 10.3 (OH str), 7.11 (=CH- str), (7.3–
8.3) Ar-H str. C18H15N3O2S: calculated C: 64.09%, H: 4.45%, 
N: 12.46%, O: 9.49%. C18H15N3O2S: calculated C: 63.98%, H: 
4.12%, N: 12.32%, O: 9.35%. (M+1): 337.50 (EIMS).
S2
Yield = 42.48%, Mp = 135ºC. FTIR (KBr) v/cm-1: 3212 (OH 
str), 3726 (NH str), 1781 (C=O str), 2940 (C=S str), 1814–2044 
(Aromatic ring str). 1H-NMR DMSO (300 MHz) δ ppm: 2.50 
(-CH2- str), 8.10 (NH str), 10.3 (OH str), 7.25 (=CH- str), (7.34–
7.99) Ar-H str. C18H15N3O3S: calculated C: 61.18%, H: 4.24%, 
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Table 2: Molecular docking interaction data between of S1-S100 and standard SAHA molecule

S No Code of the 
Molecules Receptor used Dock Score 

(kcal/mol) Interacting residues

1. S1 4LXZ -7.4 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b

2. S2 4LXZ -7.4 GLU 208a, PHE 210a, PHE 155b, HIS 183b

3. S3 4LXZ -6.8 ASP 104a, GLU 208a, PHE 155b, HIS 183b, TYR 209b, PHE 210b, PRO 34c.

4. S4 4LXZ -7.0 LEU 276a, PHE 155b, PHE 210b, ASP 104c, HIS 183d.

5. S5 4LXZ -7.0 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

6. S6 4LXZ -6.8 ASP 104a, GLU 208a,GLY 154c, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

7. S7 4LXZ -6.9 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

8. S8 4LXZ -7.0 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

9. S9 4LXZ -6.7 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b

10. S10 4LXZ -6.8 GLU 208a, PHE 210a, PHE 155b, HIS 183b

11. S11 4LXZ -6.6 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

12. S12 4LXZ -6.1 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
.TYR 209c, ASP 269c, GLY 306c.

13. S13 4LXZ -6.0 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b

14. S14 4LXZ -6.2 GLU 208a, PHE 210a, PHE 155b, HIS 183b

15. S15 4LXZ -6.9 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

16. S16 4LXZ -7.3 ASP 104a, GLU 208a, PHE 155b, HIS 183b, TYR 209b, PHE 210b, PRO 34c

17. S17 4LXZ -7.0 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

18 S18 4LXZ -7.0 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

19. S19 4LXZ -7.1 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

20. S20 4LXZ -6.4 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b

21. S21 4LXZ -6.2 GLU 208a, PHE 210a, PHE 155b, HIS 183b

22. S22 4LXZ -6.2 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

23. S23 4LXZ -6.1 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b

24. S24 4LXZ -6.8 GLU 208a, PHE 210a, PHE 155b, HIS 183b

25. S25 4LXZ -5.9 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

26. S26 4LXZ -6.0 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

27. S27 4LXZ -6.2 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

28. S28 4LXZ -6.1 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

29. S29 4LXZ -6.2 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

30. S30 4LXZ -6.3 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

31. S31 4LXZ -6.5 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b

32. S32 4LXZ -6.2 GLU 208a, PHE 210a, PHE 155b, HIS 183b

33. S33 4LXZ -6.4 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

34. S34 4LXZ -6.6 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

35. S35 4LXZ -6.1 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

36. S36 4LXZ -5.9 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.
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37. S37 4LXZ -6.2 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

38. S38 4LXZ -6.4 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

39. S39 4LXZ -6.8 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

40. S40 4LXZ -5.9 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

41. S41 4LXZ -5.9 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

42. S42 4LXZ -6.0 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

43. S43 4LXZ -6.1 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

44 S44 4LXZ -6.6 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

45. S45 4LXZ -6.7 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

46. S46 4LXZ -6.9 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

47. S47 4LXZ -7.0 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

48. S48 4LXZ -6.8 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

49. S49 4LXZ -6.9 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

50. S50 4LXZ -6.2 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

51. S51 4LXZ -6.2 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

52. S52 4LXZ -6.3 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

53 S53 4LXZ -6.5 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

54. S54 4LXZ -6.8 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

55. S55 4LXZ -6.5 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

56. S56 4LXZ -6.7 GLU 208a, PHE 210a, PHE 155b, HIS 183b

57 S57 4LXZ -6.9 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

58. S58 4LXZ -6.4 ASP 104a, GLU 208a, PHE 155b, HIS 183b, TYR 209b, PHE 210b, PRO 34c

59. S59 4LXZ -6.6 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

60 S60 4LXZ -6.7 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

61. S61 4LXZ -6.8 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

62. S62 4LXZ -6.8 ASP 104a, PHE 155b, HIS 183b, PHE .210b, TYR 209b

63. S63 4LXZ -5.5 GLU 208a, PHE 210a, PHE 155b, HIS 183b

64. S64 4LXZ -5.4 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

65. S65 4LXZ -5.8 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b

66. S66 4LXZ -5.4 GLU 208a, PHE 210a, PHE 155b, HIS 183b

67. S67 4LXZ -5.2 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

68. S68 4LXZ -5.7 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

69. S69 4LXZ -5.9 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

70. S70 4LXZ -6.1 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

71. S71 4LXZ -6.2 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

72. S72 4LXZ -6.4 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

73. S73 4LXZ -6.7 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b



Antiproliferative and Antidiabetic Activities of Pyrimidine Hydroxamic Acid Derivatives

IJDDT, Volume 14 Issue 2, April - June 2024 Page 657

74. S74 4LXZ -6.5 GLU 208a, PHE 210a, PHE 155b, HIS 183b

75. S75 4LXZ -6.6 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

76. S76 4LXZ -6.7 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

77. S77 4LXZ -6.5 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

78. S78 4LXZ -6.6 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

79. S79 4LXZ -6.7 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

80. S80 4LXZ -5.4 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

81. S81 4LXZ -5.6 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

82. S82 4LXZ -5.9 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

83. S83 4LXZ -6.4 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

84. S84 4LXZ -6.2 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

85. S85 4LXZ -6.2 GLU 208a, PHE 210a, PHE 155b, HIS 183b

86. S86 4LXZ -6.6 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

87. S87 4LXZ -6.2 ASP 104a, GLU 208a, PHE 155b, HIS 183b, TYR 209b, PHE 210b, PRO 34c

88. S88 4LXZ -5.9 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

89. S89 4LXZ -6.7 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

90. S90 4LXZ -6.8 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

91. S91 4LXZ -6.7 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b

92. S92 4LXZ -6.1 GLU 208a, PHE 210a, PHE 155b, HIS 183b

93. S93 4LXZ -6.8 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

94. S94 4LXZ -6.4 ASP 104a, PHE 155b, HIS 183b, PHE 210b, TYR 209b

95. S95 4LXZ -6.2 GLU 208a, PHE 210a, PHE 155b, HIS 183b

96. S96 4LXZ -6.4 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

97. S97 4LXZ -6.7 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

98 S98 4LXZ -6.6 HIS 145a, HIS 146b, ASP 181a, HIS183a, PHE 155b, PHE 210b, LEU 276b.

99. S99 4LXZ -6.2 ASP 104a, PHE 155b, HIS 183b, TYR 209b.

100. S100 4LXZ -6.0 ASP 104a, PHE 155b, HIS 183b, TYR 209b, PHE 210b.

101. SAHA 4LXZ -7.4 LEU 276a, PHE 155b, PHE 210b, ASP 104d, HIS 183d, HIS 145c, HIS 146c, 
TYR 209c, ASP 269c, GLY 306c.

a: Hydrogen bond; b: pi-pi interactions; c: van der waal interaction; d: pi-cation/anion interaction

Table 3: Antiproliferative activity data of synthesized molecules on MCF-7

S No Code of the molecules LC50 TGI GI50

1. S1 >80 >80 10.7

2. S2 >80 >80 17.4

3. S16 >80 >80 21.4

4. Adriamycin 58.8 18.6 -50.2

N: 11.89%, O: 13.59%. C18H15N3O3S: calculated C: 60.82%, H: 
4.08%, N: 10.84%, O: 12.94%. (M+1): 353.39 (EIMS).

S16
Yield = 29.35%, Mp = 128ºC. FTIR (KBr) v/cm-1: 3200 (OH 
str), 3525 (NH str), 1755 (C=O str), 2948 (C=S str), 1806–2020 
(Aromatic ring str). 1H-NMR DMSO (300 MHz) δ ppm: 
6.68 (-CH2- str), 9.07 (NH str), 9.81 (OH str), 7.13 (=CH- str), 
(7.24–7.94) Ar-H str, 8.15 ppm (OH of 4-hydroxybenzene). 
C18H15N3O4S: calculated C: 58.53%, H: 4.06%, N: 11.38%, O: 
17.34%. C18H15N3O4S: calculated C: 57.942%, H: 3.88%, N: 
10.87%, O: 16.91%. (M+1): 369.39 (EIMS).

All the spectroscopic characterization data confirmed the 
formation of the designed molecules.18 
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Figure 5: Molecular docking interaction between Synthesized 
Molecules (S1, S2, S16) with 4LXZ receptor

Table 4: In-vitro alpha amylase inhibition assay of synthesized 
molecules S1, S2, S16 and acarbose

S No. Code of the 
molecules

Concentration
(µg/mL)

%Alpha amylase 
inhibition IC50

1. S1 10 47.05 10.62

20 55.39

30 61.27

40 66.66

60 75

2. S2 10 41.66 12.00

20 58.33

30 65.68

40 71.07

60 81.37

3. S16 10 21.58 31.43

20 38.39

30 47.72

40 71.07

60 84.76

4. Acarbose 10 5.88 66.65

20 9.8

30 17.64

40 30.39

50 40.68

60 45.09

70 52.45

80 58.88

Antiproliferative Assay Analysis Data of Synthesized 
Molecules on MCF-7
In this experiment, (LC50) concentration of drug causing 50% 
cell kill, (TGI) concentration of drug causing total inhibition 
of cell growth and (GI50) concentration of drug causing 
50% inhibition of cell growth were calculated considering 
adriamycin as positive control. Activity of the synthesized 
molecules S1, S2, and S16 against MCF-7 cell line reported 
in Table 3. S1, S2, and S16 showed GI50 values of 10.7, 17.4, 
and 21.4 μM. Standard molecule adriamycin was found with 
GI50 values of (-) 50.2. Among the synthesized molecules, S1 
showed a good GI50 value as comparison to control.19

In-vitro Alpha Amylase Inhibition Assay
The IC50 values of all the synthesized molecules (S1, S2, S16) 
as per in-vitro alpha amylase inhibition assay were 10.62, 

12.00, and 31.43 µg/mL, respectively, whereas the IC50 value 
of standard acarbose was 66.65 µg/mL. These data were 
obtained after three consecutive experiments to minimize 
the error.18 Among all the synthesized molecules, S1 showed 
best activity. The activity profile of the molecule was S1>S2> 
S16 (Table 4).20, 21

CONCLUSION
The development of newer generation pyrimidino hydroxamic 
acid derivatives were successfully designed, synthesized, 
chemically characterized and biologically evaluated as 
antiproliferative activity against breast cancer cell line and 
in-vitro alpha-amylase inhibitor. Molecular docking studies 
of the designed (S1-S100) molecules against HDAC2 receptor 
showed that S1, S2 S16 observed with good docking scores as 
compared to standard SAHA. Synthesis of the molecules was 
carried out using simple synthetic procedures and characterized 
by different spectroscopic methods. Finally antiproliferative 
activity against MCF-7 and in-vitro alpha amylase activity 
data confirmed that S1 was the best molecule among all the 
synthesized molecules. So if we established these molecules 
by in-vivo models, then it will be a boon for the mankind.
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